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Introduction 
Gliomas were known, in the period of microscopic in¬ 
vestigation preceding Virchow, as "medullary sarcoma" by 
the English, as "encephaloide" by the French, and by the 
37 
German investigators as "fungus medullare" . Following 
the discovery of the neuroglia in 1858, Virchow named a 
21 
group of brain tumors composed of glial tissue "gliomas" 
He distinguished two main groups of brain tumors: gliomas and 
37 
sarcomas . He described the gliomas as slow-growing, 
highly vascular infiltrative tumors with a propensity for 
22 
hemorrhage, softening and cyst formation . The tumors 
were often large and of brain-like appearance, "resembling 
more a hypertrophy of the involved parts ... than real 
37 
neoplasms" 
Not until 1895* when Stroebe presented for the first 
time a detailed microscopic description of the gliomas, was 
the work of Virchow confirmed. Stroebefs contributions were 
the following: 
(1) He discovered that pre-existent nerve cells and 
fibers are preserved amidst the glioma tissue, while this 
is not the case in sarcomas. 
(2) That leptomeninges are invaded by sarcomas, but 
not by gliomas. 
(3) The existence of circumscribed sarcoma nodules in 
otherwise typical gliomas. 
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(4) That gliomas frequently undergo small cystic de~ 
generation, 
(5) The preponderance of glial fibers in gliomas and 
their absence in sarcomas, 
(6) The frequency of mitosis in sarcomas, their 
absence in gliomas, 
(7) The infiltrative growth characteristics of 
39 
gliomas 
Considerable confusion remained, however, in regard to 
the histogenesis of these tumors which continued for many 
years to be called by such names as "gliosarcomas" (Stroebe) 
6 
and "gliosarcomatodes" (Borst) . Elvidge, Penfield and 
20 
Cone point out that not until 1929, as mentioned by 
Kaufman, did the concept of an ectodermal derivation of 
these tumors became well established, 
40 
In 1912 Tooth made the first important statistical 
study of the gliomas. He found these tumors to be the most 
common of intracranial tumors -- 127 or 49.2 per cent of 
his total series of 258 verified cases. He differentiated 
between the "malignant" and "benign" types of glioma, 
emphasizing the higher incidence of vascular proliferation 
and necrosis in the "malignant" type. He suggested the 
possibility of a "malignant" change in a benign tumor, as 
he had observed in repeated operations of a particular 
tumor. He thought gliomas inoperable for the most part. 
He believed that an attempt to complete removal was followed 
2 
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by increased activity* and possibly a malignant change,, 
However, he advocated decompression for the relief of 
pressure. 
38 
The pioneering work of Strauss and Globus (1918) , 
21 
and later Globus and Strauss disclosed for the first 
time the identity of a rapidly growing glioma which was 
characterized by the presence of spongioblasts as the main 
cell component* They suggested the name of spongioblastoma 
multiforme. These authors contended that as the neuroblast, 
a transitional type of neuron-forming cell, was responsible 
for the neuroblastomas, so was the spongioblast, an immature 
glial cell, the basis for the development of the tumor which 
21, 38 
they designated as spongioblastoma . The same year 
(1918) Ribbert applied this name to a similar group of 
32 
tumors 
3 
Bailey and Cushing (1926) adhered to this name in 
28 
their classification. Penfield (1931) in a modification 
of Bailey’s and Cushing’s classification upheld it. But in¬ 
fluenced by Roussy and the French School and Dorothy Russel 
in England Penfield (1932) accepted the name of glioblastoma 
multiforme. Penfield*$criterion was that most of the cells 
resemble minute protoplasmic astrocytes while true 
29 
spongioblasts are relatively rare . Glioblastoma would 
then emphasize the imperfect development of the neuroglial 
cell. The name of glioblastoma multiforme was adopted by 
the National Organization of Nomenclature and has been 
3 
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20 
sponsored by the American Neurological Association 
Glioblastoma Multiforme 
Glioblastoma multiforme is a common intracranial tumor* 
21 
Globus and Strauss made no study as to the relative 
incidence of spongioblastoma multiforme (glioblastoma 
multiforme) as compared to other gliomas. Of Cushing's 
9 
verified series of 2,023 intracranial tumors , 862 or 42.6 
per cent were gliomas. Among his 687 classified gliomas he 
found 208 (30 per cent) to be glioblastomas. He felt this 
to be a low figure, however, since many of the tumors which 
were not classifiable he thought to be glioblastomas, in 
7 
the Copenhagen Clinic there were 409 (40.9 per cent) 
gliomas in the first 1,000 verified intracranial tumors. 
Of these they found 25.9 per cent to be glioblastomas. 
11 
Davis et al. found that 455 (52.9 per cent) out of 860 
cases with verified intracranial tumors had gliomas. Of 
these 211 patients (46.4 per cent) were diagnosed as having 
glioblastoma multiforme. Both of these groups followed the 
3 
criteria described by Bailey and Cushing . Their findings 
can be better compared in the following table. 
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Incidence of Glioblastoma Multiforme in Three Series 
9 
Cushing 
7 
Copenhagen 
11 : 
Chicago : 
Number of Cases 2,000 1,000 860 
per cent of gliomas 
in group 42.6 40.9 52.9 
Per cent of glio¬ 
blastomas in 
group 10.4 10.2 29.5 s 
Per cent of glio¬ 
blastomas in 
glioma group 30.3 25.9 46.4 ; 
There is a preponderance of males over females in a ratio 
of about 3/2 as it may be seen in the comparison below. 
Sex incidence of Glioblastoma Multiforme 
Number of 
cases Males Females Not Stated : 
20 
Montreal 56 32 21 3 
7 
Copenhagen 133 92 41 . 
New Haven * 204 119 85 : 
The age incidence of gliomas as compared with the total 
number of autopsies Is greater in the second decade when 2.4 
per cent (of a series of 1,182 autopsies) show evidence of this 
* Present study. 
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tumor. In the third decade only 1.2 per cent of autopsies are 
found to have this tumor. After the third decade there is a 
slow but progressive diminution in the incidence of gliomas as 
5 
compared with other autopsies 
The age incidence of glioblastoma multiforme may be seen 
in full detail in the results of the present study. In 
3 
Bailey and Cushing's first series (1926) the average age of 
patients operated, and on whom the diagnosis of glioblastoma 
multiforme was established, was 41 years. In the present 
series the peak incidence was in the sixth decade. The average 
age was 49.2 years. 
The general symptomatology of these tumors is the one as¬ 
sociated with all intracranial expanding lesions. However, 
13 
after the onset of symptoms, a rapid course ensues. Deery , 
in a study of 52 cases, found the duration from the onset of 
symptoms to operation to vary from 1 month to 192 months. The 
average duration of symptoms in his series was 19 months. 
20 
Elvidge, Penfield and Cone , found the average pre-admission 
duration of symptoms to be 6 months. 
Glioblastoma multiforme may arise anywhere in the 
cerebrum; consequently, symptoms and signs will vary according 
to its location. However, the tumor is commonly found in the 
1 
temporal lobe giving rise to symptoms therefrom # Symptoms 
often begin and change abruptly due to hemorrhage within the 
growth. Similarly, rapid occurrence of obstructive hydro¬ 
cephalus, swelling or edema, or interference with the blood 
6 
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supply of a part of the brain brings about rapidly changing 
1, 18 
symptoms . Those growths situated near or in the tem¬ 
poral lobe not infrequently involve the middle cerebral 
artery or one of its main branches, with the sudden ap¬ 
pearance of marked symptoms and a large area of encephalo- 
18 
malacia 
In a study of 37 cases of rapidly growing tumors, 
18 
Elsberg and Globus tabulated the frequency of early 
neurologic symptoms and signs as follows: 
Per cent 
Headache 95 
Papilledema JO 
Drowsiness, stupor and coma 68 
Vomiting 51 
Inequality of pupils 4l 
Vertigo 4(3 
Loss of power in one or more limbs 4(3 
Ptosis 27 
Incontinence 27 
Rigidity of neck, Kernig’s sign 24 
Strabismus 16 
Diplopia 14 
Disorientation and delirium 8 
Convulsions 8 
The relative incidence of these symptoms, with minor 
26 
variations has been noted by other investigators 
In the glioblastoma, headache is an early symptom* A 
homonymous upper quadrantic defect in the visual field with 
rapid progression to a complete homonymous hemianopia is 
1 
quite characteristic of the temporally located tumor 
1 
Aphasias are common, anosmia being the most common . Hemi 
paresis can be present from pressure inward on the cortico¬ 
spinal tract, Hemiparesis of the lower fascial muscles on 
7 
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the contralateral side is most common; less often the weakness 
is evidenced on the leg on the contralateral side. Rarely 
extrapjiramidal rigidity may be present from pressure on the 
basal ganglia 
1, 18 
The first symptom may be a grand convulsion . Other 
minor attacks may follow preceded or not by a generalized 
convulsion and sometimes associated with olfactory hallucina¬ 
tions. These consist of dream states in which the patient 
may have a feeling of unreality, surrounding objects loosing 
1 
their outline and becoming hazy 
Other mental symptoms as defective memory or changes in 
personality may become evident as the tumor invades the 
1, 10, 18 
anterior lobes or impinges upon their blood supply 
Anosmia is rare, and optic atrophy does not occur. Visual 
1 
hallucinations may be seen in as many as 25 per cent of cases 
Many patients may appear acutely ill and "toxic", which 
18 
may lead to a suspicion of an inflamatory lesion . The 
symptoms of fever, nuchal rigidity, headache, sweating, with 
protean neurologic symptoms and pleocytosis in the spinal 
fluid may be so striking that some foreign authors have named 
this syndrome as the meningo-encephalitic form of glio- 
28 
blastoma . The characteristic signs of increased intra¬ 
cranial pressure -- headache, nausea, vomiting, and choking 
1 
of the optic disks may ocassionally be absent 
Vascular degeneration usually can be excluded by the 
atypical progress of the symptoms. The distention in the 
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side contralateral to the lesion and the relationship of the 
ventricles in the pneumoencephalogram, the swelling of the 
disks and the severity of the headache often point to intra- 
18, 32 
cranial tumor as diagnosis 
The treatment of choice for glioblastoma multiforme is 
surgical. Radical excision "en bloc" of as much of the tumor 
mass as compatible with life and reasonable function is advo- 
9 
cated, Cushing set the pace for radical treatment (ioc. 
cit.): 
"The larger and more formidable the lesion appears 
to be the more radical is the effort to remove the 
major portion (p. 27)" 
"I strongly believe that the operative mortality is 
higher in the case of gliomas treated merely by de¬ 
compression than it is when the growth, once exposed, 
is removed as completely as possible, it is our in¬ 
variable rule vigorously to attack a glioma of the 
cerebral hemisphere rather than withdraw from it 
(pp. 22-23)". 
Roentgen radiation alone is of dubious merit in the 
treatment of glioblastoma. Most authors believe that post¬ 
operative radiation in high dosages lengthens in some mea- 
7, 11 
sure the survival period . From a series of 43 patients 
11 
which received radiation of those who received 4,000 r 
units 12 survived for more than one year. Of those who 
received less than 4,000 r units only one survived more than 
one year. There is, however, a greater incidence of 
hemorrhage and a tendency to anaplasia as seen in biopsy 
specimens before and after radiation^which points to a 
transition to a more rapidly growing neoplasm under X ray 
9 
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41 
influences 
If not treated the illness is short. In Bailey and 
3 
Cushing’s first series of 77 patients , in the five cases 
not operated, the average survival was three months after 
the onset of symptoms. The 72 patients operated had a 
survival period of 12 months from the onset of symptoms. 
20, 7 
Average figures by other investigators are comparable 
Five cases survived three years from the onset of symptoms 
with radical operation. 
7 
In a series by Busch and Christensen , 69 patients 
were classified as to their ability to lead a "useful life" 
(meaning cases which could do some work or be ambulatory with- 
out too much discomfort). Their results may be tabulated as 
follows: 
Duration of Useful Life after Operation 
for Glioblastoma Multiforme 
Number of Useful Life for more : 
Type survivals than 1/2 yr. than 1 yr. : 
Angionecrotic 20 3 1 •! 
Multicellular 27 12 9 
Magnocellular 22 13 10 
Total 69 28 20 i 
The high operative mortality of glioblastoma multiforme 
is a result of the extensive resections which radical proce- 
10 
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dures involve. In the table below the operative mortality of 
three different groups is compared. The operative case 
mortality given by the Chicago group was found to be based on 
a fallacious mathematical criterion and recalculation of the 
9 
figures* by the criterion established by Cushing and followed 
by others* was thought necessary in order to make all figures 
comparable. The case mortality in these four series, which are 
probably representative* varies from 23.3 per cent to 4l per 
cent, and the operative mortality from 24.1 per cent to 34.2 
per cent. 
Operative Mortality In Cases of Glioblastoma Multiforme 
Cases 
Mortality in : 
per cent : 
operated Operations Deaths Case Operative : 
Cushing* sQ 
(i9oi-3ir 183 272 66 36.1 24.2 j 
Cushing* sQ 
(1928-31)* 73 120 17 23.3 14.1 J 
Copenhagen 
(1926-46)* 90 99 22 24.4 22.2 
Chicago 
(1924-47T1 187 225 77 41.1 30.2 :* 
11 
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Pathology 
The glioblastoma multiforme occurs almost exclusively in 
the cerebral hemispheres. In the 208 patients studied by 
9 
Cushing the tumors were found without exception to be 
located in the cerebral hemispheres. It is interesting to 
21 
note that in the original seriesIGlobus and Strauss (16 in 
number), one of the tumors was located on the brain stem, and 
another was thought to originate in the basal ganglia. In 
3 
the original study of gliomas of Bailey and Cushing 2 out 
of 77 glioblastomas were found in the cerebellum, in the 
11 
study of 211 patients made by Davis et al, 103 were con¬ 
fined to frontal, parietal or temporal lobes, the temporal 
lobe being the most common site. Seventy-six tumors occupied 
more than one lobe, but were unilateral, 26 extended bilateral¬ 
ly. Thirty-two infratentorial tumors were found in the study: 
1 located in the brain stem of a 51=year old male and 2 in the 
cerebellar hemispheres of 12- and 8-year old children. 
Gross: On opening the cranial vault, as described by 
- 21 
Globus and Strauss , the intense vascularity Is noteworthy. 
Extensive necrotic zones, large hemorrhagic foci, and cystic 
7 
degenerative changes are common findings. Bailey describes 
the cut surface as "a kaleidoscopic display of red, yellow, 
brown, grey, and white from hemorrhages old and new". The 
31* 
tumor has no capsule . Although the tumor is both invasive 
and expansile, often it may be almost exclusively invasive 
12 
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producing little destruction of the surrounding structures, 
1, 34 
Marked edema in the neighborhood of the tumor is common 
Histopathology: In addition to the very rare tumors 
_______ 3 
composed principally of spongioblasts which Bailey classi¬ 
fies as neurcIpithlliQmata, there are two other tumors com¬ 
posed of slightly more differentiated spongioblasts which are 
designated as glioblastoma multiforme and spongioblastoma 
polare. 
The typical cell of the glioblastoma is an immature a- 
38 
typical spongioblast . In the series of 16 studied by Globus 
and Strauss the predominant histological picture was the ro¬ 
sette arrangement of cells, radial arrangement of cells about 
cyst like structures and the alveolar grouping of cells. Ab¬ 
sence of glia fibers, while not a positive identifying fea- 
21 
ture is of value in differentiating from ordinary gliomas 
Cystologically the predominant cell is small, with scanty cy¬ 
toplasm and an oval necleus. Mitosis is common; multinucle- 
1 
ate giant cells are frequent . Variability in cells as to 
7, 21 
size and shape is great in nuclei and cytoplasm . The 
amount of chromatin in the nucleus may vary tremendously, al¬ 
though nuclei are usually vesicular with finely divided chro- 
10 
matin 
The predominance of spindle-shaped cells in many tumors 
-- heaped one against the other forming interwinning fasei- 
6 
cles -- account for their former description as gliosarcoma 
Many of the cells resemble medulloblasts, unipolar spongio- 
13 
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blasts and even small astrocytes * The connective tissue is 
2 
usually degenerating, edematous and hyalinized . Invasion of 
blood vessels brings about frequent thromboses and hemorrhages, 
frequent necrosis of devascularized tissue. Numerous macro¬ 
phages appear in areas where fat Is formed. Their presence is 
significant in that they are rarely present in any other type 
7 
of glioma « Fibroblastic activity may be seen coupled with 
35 
the processes of degeneration . In some sections typical 
granulating tissue is present; in others, cystic cavities re¬ 
sulting from exudation from damaged blood vessels are surrounded 
1, 35 
by walls of connective tissue . The margin of the tumor 
is not definite since neoplastic cells infiltrate adjacent 
areas and mitotic figures may be scattered in apparently normal 
1, 36 
tissue . The lack of the microglial component is striking. 
It Is taken as direct evidence against the tumor being glio- 
8, 14 
blastema if microglial fibrils may be demonstrated 
Further histologic classification within the glioblastoma 
27 
group has been suggested and attempted. Ostertag considered 
the possibility of further morphologic classification, but 
concluded it has no practical use. 
13 
Deery In 1933 found a correlation between the histologic 
evidence of malignancy of his 52 cases and the length of the 
clinical course before operation. He divided the glioblastoma 
into three groups on the basis of the predominant basic cell 
type ranging from the very anaplastic and predominantly spongio- 
blastic tumor to tumors where astrocytic elements predominated. 
14 
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He found the average clinical course to be: 9.5 months in the 
most anaplastic group, 17.5 months in the intermediate group 
and 43 months in the most differentiated group of tumors. In 
view of the evidence of other investigators, however, the 
identity of the least malignant tumors is questionable and 
suggests the possibility of benign tumors turning malignant. 
In the last few years two other histologic classifications 
have been suggested with the aim of more accurately prognosti¬ 
cating upon the survival of patients with these tumors. Busch 
7 
and Christensen have subdivided a group of 133 glioblastomas 
into three types: (1) The angionecrotic (60/133) is the most 
infiltrating, a cystic or polycystic soft tumor with a great 
deal of thrombosis, hyaline, degeneration, necrosis, pseudo¬ 
rosettes and extensive polymorphism. (2) The multicellular 
(44/133) is less infiltrating than the above. Part of the 
tumors are soft, but others are firm and more fleshy, richer 
in cells that are less polymorphic than the angionecrotic 
group — and less vascular. The most eircumscript tumor of 
the three subdivisions is the (3) magnoceliular (27/133) 
which is characteristically fleshy, tough in parts and may 
be calcified (4/27). The dominant feature is the big plump 
cells usually with one excentric nucleus. 
The prognostic significance of this classification has 
been summarized in the table below: 
15 
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Average Pre-admission Survival : 
Cases 
Age in 
Years 
History 
in Months 
Post 
operative 
In fo : 
1 Yr. : 
Angio- 
necro¬ 
tic 60 49-5 5.5 20 20 5 
Multi¬ 
cel¬ 
lular 46 39.6 12.2 27 ' 63 ; 
Magno¬ 
cel- 
lular 27 36.4 10.9 22 77 ! 
Total 133 
At 1 1/2 years after operation all patients with the angle- 
necrotic type of tumor were dead* while among the other patients* 
nearly half of the multicellular and over half of the magnocel- 
lular were still alive. 
11 
Davis et al. in a study of all glioblastoma patients 
found the classification of Busch and Christensen (supra) in¬ 
advisable. In many cases they found no clear cut differences 
among types* and frequently they found two types in different 
sections of the same tumor. They classified their tumors on 
the basis of their angio-architectural patterns (1) The angle- 
thrombotic is characterized by thromboses and multiple areas of 
infarction and hemorrhage. (2) The angioproliferative is char¬ 
acterized by adventitial and perivascular proliferations* 
glomerular formations and endothelial proliferations resembling 
at times obliterating endarteritis* but without evidence of 
thrombosis. 
16 
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The prognostic significance of this classification, as 
presented by the authors, has been tabulated below; 
Survivals 
Number of Admitted Post In Per cent ; 
cases in extremis operative 1 Year 2 Year : 
Angio- 
throm- 
botic 139 17 79 16.1 4.8 i 
Angio- 
pro = 
It¬ 
erative s 63 6 46 30.2 18.6 ; 
Un¬ 
classi¬ 
fied 9 
Total 211 24 135 - : 
From the data reviewed above it may be concluded that the 
histopathologic subdivision of the gliobl#coma group is of 
a 
some prognostic value. Further use and evaluation may estab- 
lish its importance. 
17 
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Biological Behavior 
The etiology of gliomas has* like that of other tumors, 
been ascribed to the development of embryonal rests, as was 
suggested by Cohnheim. The appearance in the experimental 
field of carcinogenic agents certainly casts strong doubts 
37 
upon this theory. Scherer points out that Seligman and 
Shear obtained, by intracerebral implantation of pellets of 
methylcholanthrene in 20 male C3H mice, eleven gliomas and 
two fibrosarcomas after eight to seventeen months. Sponta¬ 
neous brain tumors in mice have not been found, which makes 
this finding highly significant. 
15, 16, 17 
Einarson and Neel in studies of diffuse glio- 
matosis, diffuse sclerosis and glioblastomatosis, point to 
inherent constitutional and metabolic tissue factors of glial 
tissue which under varying stimuli are capable of producing 
transitional cases between diffused sclerosis and diffuse 
glioma. 
Except for the ependymomas, which have an expansile type 
of growth almost exclusively, all other gliomas are character¬ 
ized by their infiltrative growth as seen microscopically. 
Since the infiltrative characteristics of tumors vary, they 
may have different appearances macroscopically, including 
that of a well defined and expansile tumor. The more benign 
tumors limit their infiltration to a narrow zone, thus making 
resectability easier and prognosis more favorable. 
18 
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Around 20 per cent of the glioblastomas may be found to 
be small, measuring around 5 x k x 6 cm spherical and with 
a narrow zone of infiltration. A definite edge is sometimes 
macroscopically evident when it has been delineated by some 
of the degenerative processes at the periphery of the 
36 
tumor . According to Carmichael* this seems to be the 
case in apparently circumscribed glioblastomas where 
enucleation never seems to be complete and recurrence is un= 
8 
failing 
The usual picture in glioblastoma is that of a fairly 
well circumscribed macroscopic tumor which shows extensive 
1, 36 
invasion on microscopic examination . As these tumors 
originate in the white matter they tend to advance along the 
9 ■ 
principal nerve tracts. Frequently* according to Cushing * 
they pass by the way of callosal fibers from one hemisphere 
21 
into the other. Globus and Strauss are of the opinion, 
however, that this is more a characteristic of the astrocytomas 
than of the glioblastomas. 
The biological behavior of the gliomas is singularly 
interesting since even the most rapidly growing and invasive 
36 
tumor seem to limit themselves to their tissue of origin 
The glioblastomas may invade the white substance through out, 
but their invasiveness is sharply curtailed upon arriving to 
another tissue -- e.g. the grey matter of the cortex. 
35, 36,. 37 
Scherer , who has studied this subject, stresses 
this unusual characteristic: He has found gliomas which limit 
19 
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themselves to the white substance and* inversely, intracortical 
gliomas whose invasiveness seems completely arrested at the 
35 
border of the white matter. This limitation, he points out , 
does not last during the whole period of growth. Almost in¬ 
variably the tumor, after infiltrating most of its tissue of 
origin -- usually the white matter -- will invade the cortex, 
as if overcoming some limiting force. This limiting force is 
not mechanical: The direction of the more compact U fibers 
below the cortex could possibly explain the lack of infiltra¬ 
tion at that point; but certainly there is little physical 
explanation why a tumor which has violated this barrier stops 
at the less compactly arranged tangential fibers of the cortex. 
This characteristic could be explained by the hypothesis 
15, 16, 17 
put forth by Einarson and Neel in terms of cons¬ 
titutional and metabolic differences of tissue in different 
parts of the cerebrum, each having different thresholds and 
requiring varying amounts of excitation before yielding to 
neoplastic behavior. 
This last point of view is also suggested by the behavior 
of the neoplastic white matter cells in relation to the 
cortical cells. Upon microscopic observation of gliomas at 
the point of invasion of the grey substance, small groups of 
neoplastic cells are often found surrounding a cell body, as 
if besieging it. In other places only traces of cortical cells 
may be found which have been completely replaced by neoplasm. 
This form of neuronophagia appears with regularity in certain 
20 
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gliomas. Bui this isolated fact would have no importance 
were it not because this neuronophagic formation is found in 
35 
some gliomas and totally absent in others . There seems to 
be no apparent reason for this developmental behavior. 
Neuronophagia seems not to be related to any particular part 
of the cortex* and what is more striking -- it is not related 
35 
to a particular type of cell. As Scherer has shown * in 
tumors which are free from neuronophagia there are no neuro- 
nophagic rosettes; conversely, in those tumors which are 
characteristically neuronophagic it is difficult to find a 
deteriorating cell without a circle of neuronophagic cells 
around it. in the glioblastoma multiforme, for example, one 
may find destruction or conservation of cortical cells, the pres¬ 
ence or absence of neuronophagia, without any regard to the 
cellular component of the tumor or to the degree of.differ¬ 
entiation , 
Metabolic studies, in order to elucidate basic similar¬ 
ities and differences among brain tumors, have been undertaken 
by the tissue slice method. In a series of 37 biopsy cases 
42 
of 11 different types studied , certain interesting facts 
emerged: There were significant differences among the oxygen 
consumption of the different types. The rates of aerobic and 
anaerobic glycolysis, as measured by the Warburg method, were 
found to be quite different. The glioblastomas and medullo¬ 
blastomas were found to be similar in their metabolic activity. 
They differed from the astroblastomas in that their glycolytic 
21 
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rate under aerobic conditions was higher. Their aerobic 
glycolytic rates are significantly higher than those of 
perineural fibroblastoma or spongioblastoma polare. This 
type of study, as the author suggests, may establish a 
physiological criterion for the classification of brain 
tumors. 
Immunological studies have also shown the distinctness 
of the glioblastoma in relation to normal brain tissue. Weil 
43 
and Liebert , following the original experiments described 
by Reichner, were able to differentiate between antibodies 
against saline emulsions of glioblastoma and normal brain 
tissue with the help of the complement fixation test. Alco¬ 
holic extracts of formalin-fixed tissue also brought about the 
production of specific amboceptors. These investigators found 
that the serum of a patient with glioblastoma multiforme 
contained antibodies against glioblastoma as well as against 
human brain. 
The technique of transfer of brain tumors to the brains 
22 
of guinea pigs and mice, as recently advanced by Greene , 
allows an excellent opportunity for the study of the patho¬ 
genesis and metabolism of these tumors. But up to this time 
no such studies have been described in the literature. His¬ 
tologically, at least, these artificially bred tumors show all 
the characteristics of the parent tumor. Greene emphasizes 
that in three glioblastomas studied the growth rate of the 
transplants was directly proportional to the mitotic index of 
22 
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the primary tumor. Attempts to transplant five additional 
tumors failed* These consisted of two astrocytomas, two 
ependymomas and one hemangioblastoma. These tumors also 
failed to grow in the anterior chamber of the guinea pig's 
eye. According to the criterion of malignancy described by 
23 
Greene , on the basis of transplants, failure to grow 
indicates a lesser degree of malignancy. He has shown that, 
with the exception of brain tumors, only metastasizing tumors 
are heterotransplantable. 
23 
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Materials 
The Record Room charts of the Grace-New Haven Commu¬ 
nity Hospital, University Service, the tumor files of the 
Oncology Department of this same Hospital, and the Brain 
Tumor Registry were utilized for this study. Contrary to 
expectations it was found that these different units did 
not completely reciprocate and were to'A'certain extent com¬ 
plementary. 
Our study encompasses almost two decades: from January 
1932 to July 1952. Up to 1930 the criteria for diagnosis 
established by Globus and Strauss and later by Bailey and 
Cushing were not used. Prom 1930 to 1932 these criteria were 
not well established as witnessed by the fact that most 
malignant tumors are classified under the term "malignant 
glioma". 
In the last two decades 215 cases have been given the 
diagnosis of glioblastoma multiforme. Three diagnosis of 
"probable glioblastoma" and one of "glioblastoma multiforme 
with reservations" were excluded. Seven other patients were 
excluded whose age seemed questionable to the examining 
physician. The remaining total of 204 cases were used in 
this study, among whom 119 were males and 85 females. 
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Age incidence of Glioblastoma Multiforme 
in Males and Females 
: Age in 
: Years 
No. of 
Patients 
Age 
(working 
units) : 2 x 3 : 3 x 4 ! 
! i 2 3 :* 4 :* 5 ! 
:* 0 
rr 
1 -10 -10 100 :* 
: 5 
: 10 1 
- 9 
- 8 - 8 64 i 
: 15 --- 
- 7 --- --- : 
: 20 9 - 6 -54 • 324 : 
: 25 5 - 5 "25 125 : 
: 30 6 - 4 -24 96 : 
: 35 15 - 3 "45 135 • 
: 40 25 - 2 "50 100 : 
: 45 30 - 1 -30 30 : 
: 50 42 0 --- --- * 
•• 55 35 / 1 /35 35 : 
: 60 30 / 2 /60 120 : 
: 65 4 / 3 /12 36 : 
: 70-75 1 / 4 / 4 16 : 
204 "135 1,181 i 
Range : 3 mos. 72 yrs. 
Mean : 
- 135 = - .650 -.650 52.50 
204 x5 =3.25 
49.3 -3.250 49.25 
Standard deviation ; 
\/ll8l . {.650}2 _ 7.5 
Standard error : 7.5 
V204 
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Age incidence of Glioblastoma Multiforme 
in MALES 
: Age in 
: Years 
: No. of 
: Patients 
: Age 
: (working 
: units) : 2 x 3 : 3 x 4 
: 1 : 2 i 3 ; 4 i 5 
:* 0 
: 5 
: 10 1 - 8 -~8 ~64 ; 
: 15 --- - 7 --- --- : 
: 20 2 - 6 -12 72 : 
: 25 3 
- 5 "15 7 : 
: 30 2 - 4 - 8 32 t 
: 35 5 - 3 "15 45 : 
: 40 16 - 2 ”32 64 : 
: 45 17 - 1 -17 17 * 
: 50 26 0 - -- --- : 
: 55 27 / 1 /27 27 : 
: 60 16 / 2 /32 64 : 
: 65 3 / 3 / 9 2? : 
: 70-75 1 / 4 / 4 16 : 
119 -35 498 i 
Range : 12 mos» 72 yrs. 
Mean : 
- 35 = - .294 -.294 
x5 
-T7477J 
52.5 
-1.470 
5T7or 
o 
51 
Standard deviation : VST" n^r 2.0 
Standard error : 2.0 
MTT9 .18 
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Age Incidence of Glioblastoma Multiforme 
in FEMALES 
: Age in 
: Years 
: No. of 
: Patients 
: Age 
: (working 
: units) : 2x3 •3x4 
: 1 : 2 i 3 i 4 s 5 
:* 0 
. c 
1 
- 9 
_ Q - 9 81 s 
: 10 
— O 
- 7 
s 15 --- - 6 • 
: 20 7 
- 5 -35 175 : 
s 25 2 - 4 - 8 32 : 
; 30 4 
- 3 “12 36 : 
: 35 10 - 2 “20 40 
: 40 9 - 1 - 9 9 
; 45 13 0 
s 50 16 / 1 /16 16 : 
: 55 8 / 2 /16 32 : 
: 60 14 / 3 A2 126 : 
: 65-70 1 / 4 / 4 16 : 
85 - 5 563 ! 
Range : 3 mcss - 68 yrs9 
Mean : -=5 = -*059 
“85 
Standard deviation : 
Standard error : 
-.059 47.5 
x5 - .295 
TT255 47.205 47.2 
\/563 - (.059)2 
V~H5 2.57 
2.6 
V^T ,28 
27 
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To confirm the apparent validity of the impressions ob¬ 
tained, further analysis of the results was undertaken. 
Males 
Mean 51.03 
Variance 4.07 
N 119 
N- 1 118 
Standard error of the difference: 
\ rTT^r^rw'/ 85 x s.m V , _^ - Til ) = 
Females 
47.20 
5.04 
85 
84 
.244 
t: 51.03 - 47.20 15.7 
P: less than .001 
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Summary of Findings 
A study of 204 cases of glioblastoma multiforme proven 
by cytological studies has been made. The study encompasses 
almost 'two decades. It includes all the well documented 
cases of glioblastoma multiforme operated in the Grace-New 
Haven Community Hospital, University Service, during the 
period between January 1932 and July 1952. 
The case incidence of glioblastoma was found to be 
higher in males than in females in a ratio of 3/2. A 
comparison between the age incidence of glioblastoma in males 
and females was made. The mean age incidence in the combined 
population was found to be 49,3 years with a standard de» 
viation of 7*5 years. The mean age incidence in the 119 
male cases studied was 51 years with a range of 12 to 72 
years. The mean incidence of the 85 female cases studied 
was 47.2 years with a range of three months to 68 years. 
The standard deviation from the mean was 2.0 in case of the 
males and 2.57 in the female group. 
A statistical analysis of these figures showed them 
to be highly significant with a probability of less than a 
thousand. 
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